. Cu(111) structure. 2 x 2 x 1 supercell of Cu(111) viewed along the a axis (left) and b axis (right). The angles shown above are defined for the three atoms closest to the viewer. Table S1 . Optimised structures obtained from each of the clusters shown in Figure 3A of the main paper. 'True Cu(111)' is the experimental Cu(111) configuration. E is the energy of the configuration (obtained from DFT), and the angles θ are defined in Figure S1 . The blue, green, and red colors indicate structures with energies close to -17.02 eV, -17.094 eV, and -17.153 eV, respectively. (111) configurations) . C1, C2, …, C12 are cluster labels (see Figure S3 ). O and X indicate that the relaxed configurations were placed into the correct cluster and incorrect cluster, respectively, upon repeating the hierarchical clustering process, as shown in Figure   S3 . Table S3 . Optimised C6-SAM structures obtained from each of the clusters shown in Figure 5A of the main paper. E indicates the energy of each structure. The structures were drawn as 2 x 2 x 1 supercells. Images created using VESTA version 3.4.4 (30) Figure S4 . Assignment of C6-SAM metastable states to clusters. Same dendrogram as shown in Table S4 . Root mean square displacement of atoms during local structure relaxation to obtain the metastable configuration (C6-SAM configurations). C1, C2, …, C14 are cluster labels (see Figure S4 ). O and X indicate that the relaxed configurations were placed into the correct cluster and incorrect cluster, respectively, upon repeating the hierarchical clustering process, as shown in Figure   S3 . Figure 5A of the main paper, computed using self-consistent potentials. (D) As for (C), but computed using nonself-consistent potentials. Note that we used t0 = 1.03 fs and t1 = 2.40 fs when computing (C) and (D).
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